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Kaons at the TeVatron (KTeV)
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ULTIMATE Goal of E832 at K'TeV
To measure Re(i—') at the 1 x 1074 level.
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Challenges faced in E832

=

J.

1. Reduction of measurement biases during data-taking
2. Understanding the Detector |

3.
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. Minimization and Determination of Systematic Errors

Understanding of Acceptances

Large Event Sample



" The KTeV Detector
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KTEV Event Display

lusr/kpasa/data32/valp/raw2p
i0.dat

Run Number: 9730
Spill Number: 1

Event Number: 85227
Trigger Mask: 8

All Slices

Track and Cluster Info

HCC cluster count: 4

ID - Xcsi Yecsi PorE
C1: 0.3160-0.0347 6.69
C 2:-0.1291 0.3692 22.24
C 3:-0.0886 -0.1003 22.57
C 4:-0.2761 -0.0803 65.40

Vertex: 4 clusters

X Y Z
-0.1264 0.0027 132.169

Mass=0.4976
Pairing chisq=1.42

O - Cluster

O - Track

B - 1000Gev
- 1.00 GeV
- 0.10 GeV
- 0.01 GeV
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KTEV Event Display

1.0 -
lust/kpasa/data05/shawhan/kz -
c074_some.dat
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Track and Cluster Info - r
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Data Taking Periods at the KTeV Experiments

Startup E832
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Published Result (PRD 67, 012005 (2003))

ntr~ analysis : 1997 E832 data
797" analysis : 1996 and 1997 E832 data
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Reconstructed Vertex Z Distributions in 1997
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'Data-MC Acceptance
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Source of uncertainty from 7

Systematic Uncertainties

Uncertainty (x107%)
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m~ from 7
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Class 1: Data collection
Trigger and level 3 filter 0.58

Class 2: Event reconstruction, selection, backgrounds

Energy /Resolution scale 0.16
Calorimeter nonlinearity —
Detector calib, align 0.28 -
Analysis cut variations 0.25
Background subtraction 0.20

Class 3: Detector acceptance |
Limiting apertures 0.30
Detector resolution 0.15
Drift chamber simulation 0.37
z dependence 0.79

Class 4: Kaon flux and physics parameters
Reg-beam attenuation 0.19
Am, Ts 0.11
Reg phase screening 0.22

0.18

1.27
0.66
0.35
0.37
1.07

0.48
0.08

0.39

TOTAL

2.32



KTeV Measurement of Re(e'/¢)

Re(€'/e) = (20.7+ 1.5(stat) £+ 0.6(MC) =+ 2.3(syst)) x 107
= (20.7+2.8) x 107"



" Comparison of KTeV Result to Other Re(e’/e) Measurements

20.7 4+ 2.8) x 10™*

KTeV : Re(€/e) (
(15.3 £2.6) x 10™4

NA48 : Re(€ /e)

Re(e'/g)
E73193  +——o0— 7.4+ 59
NA31 93 T H—o0 1 23.0% 6.5
NA48 01 —o—1 15.3+ 2.6
KTEV 03 , o 20.7 + 2.8
| ] E ! )
0 10 | 20 30 (x10™)
New World Ave. --<>—- 173+ 1.7
World Ave. Re(e'/e) = 173+£1.7x 1074

Probability = 13%



Some Theoretical Predictions of Re(%)

Munich 2000  7.71§3 x 107
Rome 2001 - . 4.677 x 10~
Trieste 2001 2248 x 10~
Valencia 2001 1749 x 1074

RIKEN-BNL 2001 —4.0+23x 1074




Current ¢'/e Analysis

[Vacuum beam (Kp) [Reg. Beam ("Kg") _,,
+ _— 0_0 + - 0_0 ' |
T T T T T T T T o(e'/€)star |
- (x10%  (x10% | (x10%  (x10% | (x10™
96+97 11.2 3.4 19.4 5.6 1.5
~11999 14.9 3.7 25.8 6.1 1.4
~[96-99 26.1 7.1 45.2 11.7 1.0

Improvement in systematics needed to take
advantage of increase in statistics.

Full treatment of photon angles in simulation
and reconstruction: E scale, E nonlinearity

Better treatment of nearby and overlapping
clusters: E scale, E nonlinearity

Better modeling of fringe field: calorimeter
calibration, E nonlinearity

Improved drift chamber alignment:
calorimeter calibration, E nonlinearity

Improved simulation of delta rays: p,
distribution, neutral background estimate

Better drift chamber performance (99) and
track reconstruction: mass resolution
improved by ~10%.



K, —n*n~ Data / Monte Carlo Comparison

(full KTeV data sample)
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Conclusions

Re(€'/e) = (20.7 % 1.6(stat) & 2.3(syst)) x 10~
e Combined with CERN results, Re(€'/€) has
been measured at the 10% level.

e Direct CP-Violation has been unambiguously
observed by both experiments.

e Matter and Antimatter DO decay differently!

e Still exciting times ahead in the study of CP
Violation.



